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SELF-ADJUSTING FLUID SURFACE SKIMMER AND FLUID TREATMENT 
SYSTEM USING SAME 

FIELD OF THE INVENTION 
[0001] The present invention relates to devices and systems for the treatment 
of raw fluid containing various types of contaminants. More specifically, the 
invention relates to devices and systems for use in wastewater treatment methods 
that include aeration and settling phases. 

BACKGROUND OF THE INVENTION 
[00021 Purification of fluids, such as wastewater, is often accomplished in a 
treatment system that utilizes two separate phases: aeration and settling phases. In 
the aeration phase, a gas. such as air or oxygen, is passed through the raw fluid to 
allow biological elements, such as bacteria, to act on the fluid matter contained 
therein. Following the aeration phase, the fluid enters a settling phase where sludge 
is allowed to settle out of the fluid. Also during the settling phase, remaining solid 
matter may rise to the surface as a floatation scum or sludge. This is typically 
removed by suction or mechanical means. 

[0003] In conventional wastewater treatment systems, the sludge is typically 
removed by mechanical action on the water. For example. United States Patent No. 
5,454,942 to Ljungberg describes a reciprocating carriage apparatus that utilizes 
skimmer blades to mechanically force sludge from the surface of a treated fluid into 
a receptacle for subsequent removal. The various prior art devices, including the 
carriage device mentioned above, are not desirable because they typically contain 
moving elements that may be affected by exposure to sludge. 
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[0004] Another defect of the prior art is that conventional fluid treatment 

systems frequently rely only on gravity and a mechanical apparatus to remove 
sludge from treated fluid. This sometimes proves inadequate, and treated fluid can 
leave a treatment system with residual solids. 

[0005] As a result of these and other defects of the prior art, there is a need 
for a skimmer device that enables simple and efficient removal of solid matter, such 
as sludge from treated fluids. Further, there is a need for a fluid treatment system 
that includes such a skimmer, as well as other structural elements that facilitate the 
removal of solid matter from treated fluid. 

SUMMARY OF THE INVENTION 
[0006] The present invention provides a fluid surface skimmer device and a 

fluid treatment system that utilizes the skimmer device. When used In a treatment 

system, the skimmer provides a further opportunity to remove solid material from the 

treated fluid. 

[0007] The skimmer has self-adjusting properties that allow for optimum 
orientation of the skimmer no matter the orientation of the overall system. For 
example, if the tanks of a treatment system are installed such that they are not level, 
the skimmer adjusts its orientation to ensure proper alignment with the fluid surface 
within the treatment system. This allows the skimmer and treatment system to 
operate effectively in situations in which conventional devices and systems cannot. 
[0008] In one embodiment, the skimmer comprises intake and outlet 

passages. The intake passage has a first passageway which defines an intake 
opening and a second passageway in fluid communication with the outlet passage. 
A flexible coupling connects the first and second passageways. Together, the first 
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passageway, flexible coupling, and second passageway define a conduit that 
comprises the intake passage. 

[0009] A collar is disposed on an exterior surface of the first passageway near 
the intake opening. Also, at least one buoyant member is attached to the collar. 
The flexible coupling allows for lateral and vertical movement of the first passageway 
relative to the second passageway, thereby allowing the skimmer to self-adjust by 
placing the intake opening of the first passageway at or near the fluid level. 
[0010] The present invention also provides an improved fluid treatment 
system. The system is compact and efficient making it ideal for wastewater 
treatment applications, such as residential and agricultural wastewater treatment. 
The structural elements of the treatment system provide multiple opportunities to 
encourage settling of solid material out of the treated fluid. In a preferred 
embodiment, the system comprises a settling tank defining a first interior chamber 
and an aeration tank disposed within the first interior chamber. The aeration tank 
defines a second interior chamber. A base is disposed below the aeration tank and 
defines a communicative passageway between the first and second interior 
chambers. 

[0011] A clearance exists between the exterior surface of the aeration tank 
and the interior surface of the settling tank. A plurality of vertically oriented brackets 
are disposed in the clearance and connect the aeration and settling tanks. The 
brackets provide a baffle that encourages further settling of solid matter out of the 
fluid. 

[0012] A raw fluid inlet provides fluid access to the second interior chamber, 

i.e. the aeration tank, and a treated fluid outlet provides egress from the first interior 
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Chamber, i.e., the settling tank. A fluid surface skimmer according to the present 
invention is disposed in the clearance between the aeration and settling tanks. The 
intake passageway of the skimmer is disposed in the clearance and the outlet 
passageway is in communication with the second interior chamber. In this 
configuration, the skimmer removes fluid from the surface of the fluid in the 
clearance and returns the removed fluid to the aeration tank. Since the removed 
fluid is concentrated at the surface prior to removal by the skimmer, it is likely to 
contain flotation sludge if any is present. Accordingly, the skimmer acts to retum 
flotation sludge to the aeration tank for further treatment by the system. 
[0013] Preferably, a gas supply line has a first portion that extends into the 

second interior chamber and a second portion attached to a gas inlet of the 
skimmer. This allows a single gas supply line to drive the aeration and the skimmer. 
[0014] While the invention is defined by the claims appended hereto, 
additional understanding of the invention can be obtained by referencing the 
following detailed description of preferred embodiments and the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Figure 1 is an elevational view of a fluid surface skimmer device 

according to a preferred embodiment of the present invention. 
[0016] Figure 2 is a top view of the skimmer device illustrated in Figure 1 . 

[001 7] Figure 3 is an end view of the skimmer device illustrated in Figure 1 . 

[0018] Figure 4 is a peripheral view of a fluid treatment system according to a 

first preferred embodiment of the present invention. 

[0019] Figure 5 is a partial cross-sectional view of the fluid treatment system 

illustrated in Figure 1 . 
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[0020] Figure 6 is a peripheral view of a fluid treatment system according to a 

second preferred embodiment of the present invention. 

[0021] Figure 7 is a magnified elevational view of the fluid surface skimmer 

and treated fluid outlet of the fluid treatment system illustrated in Figure 6. 
[0022] Figure 8 is a cross-sectional view of a fluid treatment system according 

to the second preferred embodiment of the present invention. Arrows indicate flow 
of fluid in the system. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE PRESENT 
INVENTION 

[0023] The following description of preferred embodiments provide examples 

of the present invention. The embodiments discussed herein are merely exemplary 
in nature, and are not intended to limit the scope of the invention in any manner. 
Rather, the description of these preferred embodiments and methods serves to 
enable a person of ordinary skill in the relevant art to make, use and perform the 
present invention. 

[0024] Figures 1 through 3 illustrate a surface skimmer 10 according to a 
preferred embodiment of the present invention. As best illustrated in Figure 1, the 
skimmer 10 has an intake assembly 12 and an outlet passage 14. The intake 
assembly 12 comprises a conduit that provides fluid access to the outlet passage 
14. Preferably, the intake assembly 12 has first 16 and second 18 sections that 
define passageways. A flexible coupling 20 connects the first 16 and second 18 
sections. A collar 22 is disposed on an exterior surface 24 of the first section 16. At 
least one buoyant vessel 26 is attached to the collar 22. As shown in Figures 2 and 
3, the skimmer 10 also includes a gas inlet 28. 
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[0025] The intake assembly 12 te a conduit that defines an internal 
passageway extending through the first section 16, the flexible coupling 20 and the 
second section 18. As illustrated in Figure 2, the first section 16 defines an intake 
opening 30 that provides fluid communication between the conduit of the intake 
assembly 12 and the external environment. 

[0026] The flrst 16 and second 18 sections preferably comprise conventional 
tubular structures, such as standard PVC piping or other synthetic tubing material. 
Also preferable, as illustrated in the Figures, the flrst 16 and second 18 sections 
preferably share a common outer diameter. Also preferable, the sections 16, 18 
have a common internal diameter. This facilitates even flow of fluid through the 
intake assembly 12. 

[0027] As will be developed more fully below, the first section 16 is able to 
move relative to the second section 18 due to the flexible coupling 20. This 
movement provides the skimmer 10 with self-adjusting properties. The relative 
length of the first section 16 as compared to the second secfion 18 can be optimized 
based upon the amount of vertical movement desired. Preferably, the first section 

16 has a length that is considerably shorter than that of the second secfion 18. 

Particularly preferable, the first section 16 is between approximately 1/5 and 1/3 of 

the length of the second section 18. 

[0028] AS best illustrated in Figure 1 , the first secfion 16 is preferably linear 
along its length. In contrast, the second secfion 18 preferably defines an elbow 32 
or other non-linear region that facilitates connection of intake assembly 12 to the 
outlet passage 14. 
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[0029] Flexible coupling 20 is a flexible member that attaches to both the first 

16 and second 18 sections of the intake assembly 12. Preferably, the flexible 
coupling 20 is a cylindrical member defining an interior passageway that extends the 
interior passageways of the first 16 and second 18 sections. The coupling 20 
enables the first section 16 to move relative to the second section 18. Preferably, 
the coupling allows the first section 16 to pivot about a point within the coupling 20 
relative to the second section 18. Particularly preferably, this movement can occur 
in all directions away from a central point within the flexible coupling 20. Also, the 
coupling 20 preferably allows vertical movement of the first section 16 relative to the 
second section 18. 

[0030] As best illustrated in Figures 1 and 3, the flexible coupling 20 
preferably comprises a segmented flexible member known to those skilled in the art. 
The segments expand to allow the pivoting and vertical movement of the first section 
16. Also preferable, the flexible coupling 20 is attached to the first 16 and second 18 
sections. Preferably, the attachment is accomplished by a fluid tight connection 
between the coupling 20 and the first 16 and second 18 sections. These 
connections can be accomplished by use of adhesives, mechanical retaining 
members, and the like. 

[0031] The outlet passage 14 also defines an opening 34 that is in fluid 
communication with the second section 18 of the intake assembly 12. Preferably, as 
illustrated in Figure 1, the opening 34 is connected to the elbow 32 of the intake 
assembly 12. The outlet passage 14 has upper 36 and lower 38 ends. The upper 
end 36 defines a return outlet 40. Preferably, as best illustrated in Figure 1, the 
retum outlet 40 includes an elbow region 42 that confers an orthogonal orientation 
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onto the return outlet 40. Also preferable, the outlet passage 14 has a length 
sufficient to place the return outlet 40 above the intake opening 30 of the intake 
assembly 12. 

[0032] Similar to the intake assembly 12, the outlet passage 14 preferably 
comprises a conventional tubular structure known to those skilled in the art, such as 
PVC piping. The inner diameter of the outlet passage 14 can be optimized based 
upon the flow requirements of the skimmer 10. Of course, any suitable diameter can 
be used based upon the application of the skimmer 10. 

[0033] The gas inlet 28 defines a passageway that provides fluid 
communication from the external environment to the interior passageway of the 
outlet passage 14. Also, the gas inlet 28 preferably defines a structural feature on 
the exterior outlet passage 14 to which a gas supply line can be connected. 
Accordingly, the gas inlet can be any conventional inlet connector suitable for 
attaching tubing or piping. The gas inlet 28 can be integrally formed with the outlet 
passage 14, or can comprise a separately attached member. 

[0034] The gas inlet 28 can be positioned at any point along the length of the 

outlet passage 14. The gas inlet allows a gas to be introduced into the interior 
passageway of the outlet passage 14. In operation, gas entering the outlet passage 
14 through the gas inlet 28 bubbles through the interior passageway of the outlet 
passage 14 to the retum outlet 40 when the skimmer 10 is properly oriented, i.e., the 
upper end 36 of the outlet passage 14 is vertically higher than the lower end 38. 
This bubbling of gas through the outlet passage 14 creates a suction effect, drawing 
fluid into the intake opening 30 and through the intake assembly 12. To optimize the 
suction effect, the gas inlet 28 is preferably disposed between the upper end 36 of 
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the outlet passage 14 and the opening 34 in the lower end 38 of the outlet passage 
14. Preferably, however, as best illustrated in Figure 3, the gas inlet 28 is positioned 
on the outlet passage 14 at a point above the opening 34 of the outlet passage 14. 
That is, the inlet 28 is preferably positioned just above the point at which the outlet 
passage 14 is connected to the intake assembly 12. 

[0035] The collar 22 provides an attachment surface 44 onto which at least 
one buoyant vessel 26 can be attached. As best illustrated in Figure 2. the collar 
preferably defines a circumferential opening 46 that receives the outer diameter of 
the first section 16 of the intake assembly 12. The circumferential opening 46 allows 
fluid access to the intake opening 30 of the first section 16. Also preferable, the 
collar 22 is disposed circumferentially around the first section 16. 
[0036] The collar 22 is preferably secured to an exterior surface 24 of the first 
section 16. The attachment between the collar 22 and the first section 16 can 
comprise any suitable connection between the members, including a frictional fit 
between the members, an adhesive connection, and a connection utilizing a 
connector, such as a rivet and the like. As the collar 22 is advantageously formed of 
a synthetic material, any suitable means for attaching synthetic materials to each 
other can be utilized. Preferably, an adhesive forms a connection between the collar 
22 and the first section 16. As with all connections between structural members of 
the skimmer 10, the connection between the collar 22 and the first section 16 is 
preferably liquid tight. 

[0037] At least one buoyant member 26 is disposed on the attachment 
surface 44 of the collar 22. The buoyant member 26 provides buoyancy to the collar 
22 and, in turn, the attached first section 16. This buoyancy causes the first section 
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16 to move relative to the second section 18 when the intake opening 30 is 
positioned somewhat below a fluid level, such as when the skimnner 10 is disposed 
in a fluid treatment system. Thus, the buoyant member 26, in conjunction with 
flexible coupling 20, provides one of the self-adjusting features of the skimmer 10. 
[0038] Preferably, the buoyant member 26 comprises a sealed vessel 
containing a quantity of air. However, other buoyant members, such as sections of 
foam, can be utilized as the buoyant member 26. The size, configuration, and 
number of buoyant members 26 utilized can be optimized based upon various 
parameters, including the specific gravity of the first section 16 in a particular fluid. 
The buoyant members need only be able to provide the desired buoyancy to the 
collar 22 and first section 16. As best illustrated in Figure 2, a configuration of four 
buoyant members 26, spaced equidistantly about the intake opening 30, has been 
found acceptable for use in a wastewater treatment system according to the present 
invention. 

[0039] The skimmer 10 may further include a mounting bracket 48. The 
mounting bracket 48 facilitates attachment of the skimmer 10 to a structure, such as 
a tank in a fluid treatment system. Preferably, as best illustrated in Figure 1, the 
mounting bracket 48 is attached to the outlet passage 14. 

[0040] The present invention also provides a fluid treatment system. Figures 

4 and 5 illustrate a wastewater system 160 according to a first preferred embodiment 
of the present invention. The system includes a settling tank 162, an aeration tank 
164, and a base 166 disposed below the aeration tank 164. Also, the system 160 
includes a raw fluid inlet 168, a treated fluid outlet 170, a gas supply line 172, and a 
fluid surface skimmer 110 according to the present invention. 
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[0041, The settling tanK 162 t.as an upper portion 174 and a lower portion 
„6 Preferably, the upper portion 174 is substantially cylindrical in form, while the 
lower portion 176 is preferably conical in for.. The upper portion 174 .ay define a 

..e settling tanK 162. The bottom of the seUling tank 162 is preferably Cosed, as 
best illustrated in Figure 5. 

[0042, The settling tank 162 defines an interior chamber 178. The aeration 
tank 164 is disposed within the interior chamber 178. 

[0043, The aeration tank 164 also has an upper portion 180 and a lower 
portion 182. Also, the aeration tank 164 defines a second interior chamber 184. 
Preferably, as illustrated in Figures 4 and 5, the aeration tank 164 has a 

Figure 5, the upper portion 180 of the aeration tank 164 Is preferably substantial 
oyllndrlcal, and the lower portion 182 Is preferably conical in shape. As with the 

an opening 186. 

[0044, The aeration tank 164 is disposed in the interior chamber 178 of the 
settling tank 162 to define a clearance 188 between an exterior surface of the 
aeration tank 164 and an interior surface of the settling tank 1 62. The clearance 188 
defines a region in which the settling phase of a treatment operation utilizing the 
system 166 occurs. 


[0045] As best illustrated in Figure 5, the base 166 is positioned below the 
aeration tank 164 and defines a passageway between the interior chamber 178 of 
the settling tank 162 and the interior chamber 184 of the aeration tank 164. 
Preferably, the passageway of the base 166 communicates with the opening 186 in 
the lower portion 182 of the aeration tank 164. Also preferable, as illustrated in 

Figure 5, the base 166 defines a notch 190 that, together with a bottom surface 192 

of the settling tank 162, defines an opening into the passageway of the base 166. 

Particularly preferable, the notch 190 extends along only a fraction of the 

circumference of the base 166. 

[00461 At least one bracket 194 is disposed in the clearance 188 and 
connects the exterior surface of the aeration tank 164 to the interior surface of the 
settling tank 162. Preferably, as illustrated in Figure 5. multiple brackets 194 are 
disposed in the clearance 188. 

[0047] The clearance 188 defines a region in the system 160 in which the 
settling phase of a treatment procedure occurs. By being positioned in the 
clearance 188, the brackets provide multiple surfaces 196 that can act to promote a 
quiescent nature of the fluid in the clearance 188 thereby facilitating settling of solid 
materials in the fluid contained in this region. To facilitate this baffling function of the 
brackets 194. the brackets 194 are preferably arranged equidistantly from each 
other. Also, as illustrated in Figure 5, the brackets 194 preferably extend below the 
aeration tank 164 and substantially along the length of the base 166. A gap 198 
exists between the bottom of each bracket 194 and the bottom surface 192 of the 
settling tank 162. This gap 198 provides a path by which fluid can travel into the 
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several cells defined in the clearance 188 by the brackets 194. The brackets 194 
are preferably arranged equidistantly from each other. 

[0048] The raw fluid inlet 168 provides fluid access to the interior chamber 
184 of the aeration tank 164 from an extemal fluid source, such as a wastewater 
output. To maintain a compact design, the fluid inlet 168 preferably traverses the 
wall of the settling tank 162. passes through the clearance 188. and traverses the 
wall of the aeration tank 164. The inlet 168 then terminates in the interior chamber 
184 of the aeration tank 164. 

[0049] Similar to the raw fluid inlet 168, the treated fluid outlet 170 defines a 

passageway between the clearance 188 and the extemal environment. As used in 
treatment system 160, the treated fluid outlet 170 can lead to further treatment 
equipment, such as chlorination tanks, or to final effluent disposal. The treated fluid 
outlet 170 is preferably vertically positioned below inlet 168 to ensure gravity flow 
through the system 160. Also preferable, the treated fluid outlet 170 comprises a 
passageway that traverses the wall of the settling tank 162. 

[0050] As illustrated in Figure 5. the fluid surface skimmer 1 10 is preferably a 
skimmer according to the preferred embodiment of the present invention, as detailed 
above. The skimmer 1 10 is positioned within the clearance 188 between the settling 
162 and aeration 164 tanks. Preferably, the skimmer 1 10 is positioned such that the 
retum outlet 140 extends through the wall of the aeration tank, leading back into the 
interior chamber 184 of the aeration tank 164. Also preferable, the intake opening 
130 is positioned slightly below the opening of the treated fluid outlet 170. Also, the 
skimmer 1 10 is preferably attached to the aeration tank 164 by the mounting bracket 
148. 
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[0051] As best illustrated in Figure 5, the gas supply line 172 preferably 
extends into the interior chamber 184 of the aeration tank 164. Particularly 
preferable, the gas supply line 172 extends through the interior chamber 184 and 
into the passageway defined by the base 166. Also, a gas diffuser 200 is preferably 
disposed on the gas supply line 172 within the base 166. The gas diffuser 200 can 
be any suitable conventional gas diffuser. such as a disk-shaped member defining a 
plurality of openings through which gas can exit the gas supply line 172. 
[0052] in operation of the system 160, gas travels through the gas supply line 
172 and exits through the diffuser 200. The exiting gas then bubbles through the 
fluid contained within the interior chamber 184 of the aeration tank 164. thereby 
facilitating the aeration phase of the treatment process. 

[0053] As discussed above, the skimmer 110 contains a gas inlet 128 and is 
advantageously operated by allowing gas to travel through the outlet passage 114. 
Accordingly, to maintain efficiency of the system 160, the gas supply line 172 
preferably has a first portion 202 that extends into the interior chamber 184 of the 
aeration tank 164, and a second portion 204 that is connected to the gas inlet 128 of 
the skimmer 110. 

[0054] Figure 6 illustrates a second preferred embodiment of the fluid 
treatment system 360 of the present invention. This embodiment is similar to the 
first preferred embodiment, except as detailed below. Accordingly, like reference 
numbers in Figure 6 refer to similar features and/or components illustrated in Figures 
4 and 5. 

[0055] in this embodiment, two types of brackets are utilized. A first bracket 
394a extends below the aeration tank and substantially along the length of the base 
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366. The second bracket 394b extends below the aeration tank 364 and along only 
a fraction of the length of the base 366. This bracket 394b is preferably positioned 
above the notch 390 in the base 366. This arrangement of brackets facilitates 
movement of fluid from the interior chamber 384 of the aeration tank 364 through the 
base 366 and into the clearance 388. As illustrated in Figure 6. the notch 390 is 
preferably positioned opposite the outlet 370 of the system 360. Also, bracket 394a 
is preferably positioned between notch 390 and outlet 370, thereby ensuring that 
most fluid encounters at least bracket 394b. This arrangement of the notch 390, 
outlet 370, and brackets 394a, 394b ensures that solids in the fluid within the system 
360 have ample opportunity to settle. Allowing a substantial amount of fluid to flow 
directly from notch 390 to outlet 370 would eliminate some of the settling 
opportunity, which is undesirable. 

[00561 Also in this embodiment, as best illustrated in Figure 7, the treated fluid 
outlet 370 comprises a tortuous path defined by at least one baffle 406. The baffle 
406 is positioned to redirect flow of fluid through the ouflet along a series of turns. 
Also, the treated fluid ouflet 370 preferably includes a recycle passageway 408 as its 
positioned to direct flow of a portion of the treated wastewater toward the skimmer 
310. This facilitates return of fluid sflll containing solids towards the intake opening 
330 of the skimmer 310, thereby increasing the effectiveness of the treatment 
system 360 and removing solids from the fluid. Further, the ouflet 370 may include 

means for filtering solids, such as a mesh covering or other suitable approaches to 

filtration known in the art. 

[0057] To further encourage settling, the clearance 388 is advantageously 
made wider near the top of the system 360. This can be accomplished by making 
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the walls of the aeration 364 and settling 362 tanks non-parallel to each other such 
that the clearance 388 widens as it proceeds toward the top of the systenn 360. The 
wall of the aeration tank 364 can be angled inward, or the wall of the settling tank 
362 can be angled outward. Also, both walls could be angled in these manners. 
Preferably, as illustrated in Figure 6. the wall of the aeration 364 tank is directed 
inward. 

[0058] Figure 7 illustrates a magnified view of the outlet 370 and skimmer 

310. Fluid traveling through the outlet 370 encounters baffle 406. The momentum 
of solid particles in the fluid at this point forces them toward the recycle passageway 
408. while fluid not containing solids travels through exit passageway 409 and out of 
the treatment system. The recycle passageway 408 is directed at the intake 
opening 330 of the skimmer 310. This allows the outlet 370 to provide an additional 
solid removal step, thereby increasing the effectiveness of the fluid treatment 
system. 

[0059] Figure 8 illustrates the movement of fluid through a treatment system 

360 according to the second preferred embodiment of the invention. Fluid enters the 
system through raw fluid inlet 368 and moves into the interior chamber 384 of the 
aeration tank 364. thereby encouraging mixing of the fluid. Gas bubbles from the 
diffuser 200 encourages some fluid to re-circulate through the aeration tank 364. 
thereby encouraging mixing of the fluid. Some fluid travels through the opening 386. 
into the base 366, and into the clearance 388 between the settling 362 and aeration 
364 tanks. Here, fluid moves gradually upward, encountenng brackets 394. Some 
solid matter settles out at this time. Eventually, fluid enters the treated fluid outlet 
370. The angled baffle 406 encourages fluid still containing solids to flow toward the 
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intake opening 330 of the skimmer 310 via recycle passageway 408. The skimmer 
310 eventually returns this fluid to the aeration tank 364 for additional treatment. 
Fluid not containing solid matter is able to leave the system 360 via exit passageway 
409. 

[00601 The foregoing disclosure includes the best mode devised by the 
inventor for practicing the invention. It is apparent, however, that several variations 
in the present invention may be conceivable by one skilled in the art. Irtasmuch as 
the foregoing disclosure is intended to enable one skilled in the pertinent art to 
practice the instant invention, it should not be construed to be limited thereby, but 
should be construed to include such aforementioned variations. 
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